Fruit of Silybum marianum L. Gaertner, Supercritical Fluid Extraction, Fatty Acid Content, a-Tocopherol Content, Elem ent Concentration Supercritical fluid extraction (solvent: C 0 2 and propane) was used for mild recovery of fatty oil of mille thistle fruit (Silybum marianum L. Gaertner). Fatty acid compounds (palmic acid, oleic acid, linolic acid, linolenic acid, behenic acid), coloring content (expressed in pheophytin and carotene), tocopherol content and concentrations of some metals (Al, As,
Introduction
Several different investigations have been made on mille thistle (Silybum marianum L. Gaertner), which belongs to the C om positae -Asteraceae family and is still in the focus of interest today. Flavanolignans (silybin, silychristin, silydianin), bi oactive compounds of the fruit (Cardui mariae fructus), are applied as hepatoprotective agents in liver therapy (Salmi and Sarna, 1982 ; Sonnenbichler and Zetl, 1988; M ourelle and Franco, 1991). The fruit contains other valuable com pounds as betaine, amino acids (L-cysteine, L-glutamic acid, DL-leucine) (Varma et al., 1980) , a large number of fatty acids (linolic acid, oleic acid, pal mic acid, linolenic acid, behenic acid, stearic acid, arachidic acid) (Kaczmarek and Mrugasiewicz, 1975) and vitamins (tocopherol etc.) as well.
Mille thistle fruit cannot be pressed mildly. For the extraction of fatty acid Soxhlet extraction by hexane has been used so far. In the present paper supercritical fluid extraction (SFE) was applied for the extraction of mille thistle fruit. The quantity and quality of oil components were investigated and the supercritical oils were compared with the oil obtained by traditional Soxhlet extraction.
Materials and Methods
In our experiment one commercially available (Herbaria Trading Co., 1996) drug sample ( Cardui mariae fructus), air dried and ground, aged 1 year, was used.
Technical grade carbon dioxide ( C 0 2) was ob tained from Repcelak Gas Trade Co. (Hungary). Highly pure propane (99.9%) was supplied by M ÄKFI Institute and hexane by Reanal Chemical Company (Hungary).
Supercritical fluid extraction was carried out in a high pressure through-flow type instrument. The solvent C 0 2 and propane were applied at different 0939-5075/98/0900-0779 $ 06.00 © 1998 Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com. D Coloring content of the samples was determined by UV-VIS spectrometry according to the Hung arian Standard (M SZ 3 649-85). This Hungarian Standard contains the determination of total carotenoids and pheophytin. For the determination of carotenoid content, the oil samples were diluted with hexane and measured against hexane at 450 nm. The extinction coefficient was given for 1% solution in 1 cm vessel 2505 (100 ml g -1 cm -1).
Coloring contents of samples for pheophytin were determined the same way at 670 nm, the extinction coefficient was 530 (100 ml g-1 c m '1).
Tocopherol content was detected by high pres sure liquid chromatography. 100 mg of each sam ple were saponified by refluxing with saturated methanolic KOH (5 ml) and methanol (20 ml) at the boiling point of methanol for 40 min in the presence of 0.5 g ascorbic acid. After cooling the tocopherols were extracted by gentle shaking in a separatory funnel, with 40 ml petroleum ether. The lower layer was extracted with an additional 40 ml of petroleum ether and the solvent fractions were combined, washed twice with doubly distilled water, dried on anhydrous N a2S 0 4 and evapo rated under vacuum. The residues were redis solved in 5 -1 0 ml HPLC grade hexane and in jected on the normal phase HPLC column which was eluted with hexane-ethanol (99.5:0.5) as the m obile phase (Speek et al. 1985) . The separated compounds were detected fluorometrically using a Shimazdu RF-535 fluorescence detector at 295 and 320 nm as the extinction and emission wavelength, respectively, a-, ß-and ö-tocopherol were iden tified and determined for a-tocopherol acetate as total tocopherol content.
Concentrations of the elem ents of samples were determined by ICP-AES (inductively coupled plasma atomic emission spectrometer). Type of in strument: A tom Scan 25 (Thermo Jarrell Ash), a sequential plasma emission spectrometer. Sam pling: the samples (0.5 g) were digested with a mixture of H N 0 3 (5 ml) and H 20 2 (3 ml) in teflon vessels. After digestion the samples were diluted to 25 ml, from which the following 23 elements were determined in three parallel measurements: A l, As, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Li, Mg, Mn, Mo, Na, Ni, Pb, S, Ti, V, Zn.
Results and Discussion
Supercritical fluid extraction was realized with C 0 2 and propane at low temperature (2 5 -5 5 °C) and in a range of 8 0 -4 0 0 bar pressure (Table I) . Sample numbers 1, 2, 3 and 4 give the total amount of oil obtained from supercritical fluid ex traction, while numbers 5/1, 5/2, 5/3 and 7/1, 7/2, are fractions of the same. The mixed fractions were handled as a sample. The rate of extraction was studied compared with Soxhlet extraction, where 100% means 23 g oil from 100 g fruit. Total supercritical fluid extraction was performed at 400 bar pressure at 35 °C (Fig. 1) . The points of the curves give the oil amount under the prevailing condition. From the obtained extraction curves, the tangent of the straight phase gives the equilibrum solubility. The values for this parameter in the case of 300 and 400 bar at 35 °C were 0.65 and 1.13 g extract per 100 g of C 0 2, respectively. The rate of supercritical fluid extraction depends on pressure as can be seen in Table I ( (Table II) . There is no significant difference in the composition of supercritical oils or between supercritical oil and traditional oil (Fig. 2) C16:0 palmic acid, C18:0 unidentified compound, 0 8 :1 oleic acid, 0 8 : 2 linolic acid, 0 8 : 3 linolenic acid, C20:0 unidentified compound, C22:0 behenic acid. pheophytin, wich is the degradation product of chlorofill) with brown color. Carotenoids were de termined as total carotenoids and all porphyrin de rivatives were measured as pheophytin (Table III) Table I and IV. trend can be observed for the elem ents as it was experienced for total carotenoid and tocopherol content o f oils (Table IV) . In oil samples, the con centration of almost each elem ent increases during the extraction (Fig. 3) A cknowledgem ent
